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Sources of Disturbance

Explosives * Tourist Vessels
Airguns * Commercial Fishing
Mid-Frequency Sonar ~ * Freight Traffic
LFA Sonar * Aircraft

Acoustic Tomography ~ * Biological
Industrial * Physical

Acoustic Harassment/Deterrent Devices



Mechanisms

Collisions with vessels
Pollution

Noise

Physical presence

Stress



Noise Impact Mechanisms

Masking
Threshold Shifts

Displacement
— Excess Energy Expenditure

— Impaired Foraging Efficiency
Behavioral Changes

Effects on Prey



Observations of focal whales

land-based

theodolite (objective
and repeatable)

measure behavior with
no boats around

compare to behavior
with different levels of
boat activity (number,
proximity, operating
practices)




Experiments on focal whales

e observe a whale for
20min without boats

« approach focal with
experimental boat

» parallel the whale at
100m for 20min

e compare pre-exposure,
exposure, and post-
exposure data



IVITIES
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Effect of boats on activity budgets

e stationary

distribution =

unbiased NO bOat
activity budget

* activity b 0 at
budgets differ

* boats cut into
whales’ feeding
budget (and

beach rubbing)




Surfacing Patterns




So what?
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Speed Matters

* whales used the same,
but more obvious,
response as to a
paralleling zodiac

* response to
leapfrogging at ~150m
was detectable with
observations on only
10 animals

(Williams et al. 2002b)
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Distance Matters
(Southern Residents 2003)

DISTANCE <400 >400

Speed 6174 6462
Deviation 29.3 23.4
Directness 74.2 77.8

Surface Active 0.658 2.857

non-significant but in same direction as Northern Residents



Probability of Surface Active Behavior

0.45

Distance Matters

Surface Active Behavior as a Function of Observing Distance (SR 2003)

0.4

0.35

0.3 1

0.25

0.2

0.15

0.1 1

0.05 -

<50 51-200

Distance to Closest Boat

>200




Why is leapfrogging so disturbing?

=== M- when an outboard speeds up,
@B noise gets louder, and higher in
frequency

B - noise placed directly in front of
# whale, which causes most
masking

* received noise of fast boat at

500m equaled slow boat at
100m




Deep Water Path Established Distance = 47 km, 26 nm
Tail Slap Time: 1047
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No Deep Water Path Distance = 4-13 km, 2-7 nm
J Pod staying in shadow zone Time: 1407-1432
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Foraging tactics




Relative Prey Availability

0.9 +

o
o
I

©
~
I

o
(o)

Relative Prey Availability Due to Noise-Induced Threshold Changes

o
(4]

o
~

o
w

o
N

0.1

>

L e T B B e B e B e M AN At i i i o

6 9 12 15 18 21 24 2T 30 3 3HB 3P 42 45 48 51 4

Detection Threshold Increase (dB)

—a— Relative Detection Range —— planar-parallel model —g— planar-perpendicular model —>¢—volumetric model

57

09

0.8

0.7

0.6

0.5

04

0.3

0.2

0.1

Relative Detection Range



Effects of Population Size and Cumulative Effect Size on
Population Growth

HEifect of WWhale Watching on Population Growth Rate
(Shape Parameter =11.3)

N
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Population Size

* negligible effects expected well below carrying capacity

* disturbance costly near carrying capacity Bain et al. (submitted)



Correlation (r>=0.42, p <.01) of Fleet Size with Population Dynamics

Annual Population Change and
Fleet Size

N
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* Role in Decline

— Could account for much of recent decline in Southern Residents
* Role in Recovery

— Toxins would slow recovery in Southern Residents

— Recovery of fish stocks could offset effects of whale watching
(Bain et al.)



Reducing the Cumulative Effect of
Whale Watching
Total Quota Based on Potential Biological Removal
Limited Entry/Individual Transferable Quotas
License Fee to Cover Management Costs
Time and area closures

Changing operating practices to reduce impact
Quieter Vessels
Increasing Viewing Distance

Slowing Down Near Whales
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